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ABSTRACT 


The intent of this research is to evaluate the use of a formative assessment probe about balance and 
torque. The lesson was conducted with 52, 11" grade students studying in two physics classes at a 
state high school. A formative assessment probe was used at both the beginning and end of the study. 
After the students' prior knowledge about equilibrium and torque was determined, the demonstration 
experiment on this topic was applied to include the processes of Predict-Explain-Observe-Explain. At 
the beginning of the instruction most students believed that the weights of the objects on both sides 
were equal, though they in fact cannot be equal in the physical situation shown. After instruction, 
students showed significant increase on their conceptual understanding of the topic. Applications of 
this research include using formative assessment probes followed by experimentation in high school 
science classes as well as using such methods in teacher preparation programs. 
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BICIMLENDIRICI DEGERLENDIRME UYGULAMALARININ LISE 
OGRENCILERININ DENGE VE TORK KAVRAMLARINI 
ANLAMALARINA ETKISININ DEGERLENDIRILMESiI 


OZ 

Bu calismanm amaci denge ve tork ile ilgili giindelik yasamdan bir bigimlendirici degerlendirme 
sorusu kullanarak yapilan 6gretim uygulamasini tanitmak ve degerlendirmektir. Uygulama bir devlet 
lisesinde fizik dersinde iki subede 6grenim godren toplam 52 tane, 11. simf 6grencileriyle 
gerceklestirilmistir. Veri toplama araci olarak denge ve tork ile ilgili bigimlendirici yoklama sorusu 
caligma basinda ve sonunda kullanilmistir. OSrencilerin denge ve tork ile ilgili sahip olduklari bilgiler 
ortaya ¢ikarildiktan sonra, bu konuda hazirlanan gésteri deneyi Tahmin-A¢iklama-Gozlem-Ac¢iklama 
siireclerini icerecek sekilde uygulanmistir. Ogrencilerin yapmis olduklar1 tahminlerin frekansi ve 
aciklamalarin 6rnekleri sunularak degerlendirme yapilmistir. Uygulama Gncesinde 6grencilerin 
cogunlugunun 6zdes olmayan nesnelerin agirlik merkezinde her iki taraftaki agirligin esit oldugu 
diistincesine sahip olduklari anlasilmistir, ancak bunun fiziksel olarak mitmktin olmadigi ¢alismada 
gésterilmistir. Yapilan uygulama sonrasinda, 6grencilerin denge ve tork konusundaki kavramsal 
anlama dizeylerinin karsilastirilmas1 sonucunda anlamli bir fark bulunmustur. Bicimlendirici 
degerlendirmeye dayah 6gretim uygulamalarmin lise fen bilimleri dersleri ve 6gretmen egitimi 
programlarinda yayginlastirilmasina y6nelik ¢alismalarm yapilmasi 6nerilmektedir. 

Anahtar kelimeler: bicimlendirici degerlendirme, tork, denge, agurlik, kiitle. 
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INTRODUCTION 


Science Education Teaching Program 
(Standards) has adopted a measurement- 
evaluation approach aimed at monitoring and 
directing students in the teaching process, 
identifying and eliminating learning 
difficulties, and providing continuous feedback 
for meaningful and permanent learning 
(Ministry of National Education, 2013). 
According to the renewed Bloom taxonomy, 
assessment refers to quantitative and 
qualitative judgment based on _ evaluation 
criteria and standards (Anderson et al., 2001). 
However, in Turkey when it comes to 
assessment in educational practices, first, 
written or oral examinations and scores from 
these examinations come to mind. This shows 
that the quantitative dimension of assessment 
and ordering practices are dominant, whereas 
the qualitative dimension is ignored. Three 
types of assessment are defined in the 
literature: diagnostic, formative, and 
summative (Keeley, 2008; Tan, 2010). While 
the diagnostic assessments are used to 
determine  students' prejudices, learning 
difficulties, and logic errors, the summative 
assessments are the academic achievement 
tests used to determine if the teaching has 
reached its goals and, if so, at what level 
(Keeley, 2008). Formative assessment is 
beyond grading, it is an assessment type that is 
interwoven with teaching and involves the 
process of finding out students’ existing 
knowledge and shaping the teaching in this 
direction (Bulunuz & Bulunuz, 2013; Keeley, 
2008). 


According to Bransford, Brown, and Cocking 
(1999), students do not begin to learn science 
as a blank board waiting to be filled. If the 
students' prior knowledge is not taken into 
consideration, it is very difficult to reach 
conceptual understanding. For this reason, 
there is a need to plan and carry out the 
instruction based on_ students’ existing 
knowledge (Metin & Biris¢i, 2009). Formative 
assessment requires that teaching is based on 
data. The data are not simply the sum of the 
scores of a test. Data comprises evaluations of 
the interactions among the _ students, 
observations of their actions, and analyses of 
the answers students give to the questions 
posed in class. The use of formative 
assessment data helps teachers to make their 
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own assumptions, to explore their own 
questions about the teaching process, to 
discover the strengths of their students that 
have not been noticed before, to ask questions 
about their practice, to develop the education, 
and to improve new perspectives (Love, 2002). 
According to Sato (2003), defining, collecting, 
and using information during a lesson is a 
complex task. 


There are two types of formative assessment: 
planned and interactive (Hall & Burke, 2003). 
Planned formative assessment is a form of 
formal or semi-formal assessment planned 
prior to the teaching to gather information 
about student thinking. The information 
required for assessment is gathered and 
interpreted by means of formative questions 
and strategies and techniques such as predict- 
explain-observe-explain. Interactive formative 
assessment usually has the potential to occur 
during student-student or student-teacher 
interactions in a coincidental or unexpected 
situation during an instructional activity. While 
interactive formative assessment is more 
difficult to plan, there may be opportunities to 
some degree during classroom observations, 
discussions, and sharing of ideas. Formative 
assessment is only one means of achieving a 
teaching or learning goal. According to 
Carlson et al. (2003), just like students analyze 
and use data collected while learning science, 
teachers should analyze classroom data that 
will support student learning and their own 
professional development and use findings that 
emerge. 


Formative assessment allows students to 
question their own thoughts and compare them 
with their peers' thoughts. Previous knowledge 
and experiences that students have are used to 
give feedback to students in the teaching 
process. Formative assessment, according to 
Keeley (2008), helps providing feedback to 
students and shaping teaching, as well as 
contributing to the development of cognitive 
and profound thinking skills of students. In 
addition, with formative assessment, teachers 
have the opportunity to monitor teaching 
speed, identify possible conceptual 
misconceptions, take preventive measures 
against the problems that may occur in the 
learning process, and find more time to change 
and develop student ideas (Keeley, 2008). 
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There are many studies in the world that 
investigate the influence of formative 
assessment on the education and learning of 
students from primary school to university. For 
example, in their research with primary school 
teachers, Keeley and Harrington (2010) found 
that the use of formative inquiry questions 
contributed to issues such as_ teachers 
designing instruction, choosing activities, 
identifying students' ideas, and choosing the 
right methods for teaching content standards. 
In support of this finding, in their work with 
elementary school students, Trauth-Nare and 
Buck (2011) found that formative assessment 
reveals ways to support the academic needs of 
students. 


The number of studies on formative 
assessment in Turkey is rather limited. The 
research studies have focused more on topics 
such as participating in the lesson, motivation, 
test anxiety, and academic achievement 
(Aydeniz & Pabugcu, 2011; Biytikkarci & 
Kagan, 2010; Okten, 2009; Solgun, 2014). 
However, the number of studies evaluating 
formative assessment practices in science 
teaching is rather limited (Bulunuz, Bulunuz, 
Karag6z, & Tavsanli, 2016; Bulunuz, Bulunuz, 
& Peker, 2014). In two studies (Bulunuz & 
Bulunuz, 2013, 2014) introducing formative 
assessment practices, it was observed that the 
prospective teachers participated 
enthusiastically with great interest in the 
applied formative inquiry questions. Bulunuz, 
Bulunuz, Karagéz, and Tavsanli (2016) 
compared the achievements in standardized 
tests with the scores determined by using 
formative inquiry questions posed to identify 
the level of conceptual comprehension of 
middle school students in sinking and 
swimming topics. The results of the study 
showed that the scores from the standardized 
science test were higher than those from the 
formative inquiry questions. This result shows 
that students are successful in answering 
multiple-choice questions but have poor 
performance in formative inquiry questions 
measuring conceptual understanding, 
explanation, and interpretation skills. In 
another study, in their work with middle school 
students, Bulunuz, Bulunuz, and Peker (2014) 
showed that formative assessment practices, 
used in addition to the curriculum, provided a 
significant increase in students’ understanding 
of basic physics concepts. It is underlined that 
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it is necessary to evaluate the existing 
knowledge of the students and to make 
connections between the concepts taught and 
real life. 


Another study that examined — students’ 
conceptual understanding of inertia (Bulunuz 
& Bulunuz, 2016) found out that students 
actually know that objects that either stop or 
have constant velocity have inertia. But, these 
students have little understanding of the fact 
that objects that either accelerate or decelerate 
have inertia as well. As a result of formative 
assessment-based instruction, the students 
were able to understand that if a vehicle 
decelerator changes its direction have inertia. 
The results of the analysis of the research 
conducted in this area show that formative 
assessment would improve the ability of 
students to organize their own learning. These 
results support formative assessment-based 
program development efforts (Clark, 2012, 
2015; Meusen-Beekman, Brinke, & 
Boshuizen, 2015). 


In the related literature, it has been revealed 
that in relation to equilibrium and _ torque, 
learning difficulties are observed in obtaining 
balance in the horizontal and_ vertical 
directions, balancing in the non-symmetric 
situations, determining the vertical distance of 
the force, and displaying the force acting on 
the body (Akkaya, 2006; Rowlands, Graham, 
& Berry, 1998; Trumper & Gorsky, 1996). 
This research has two goals. The first goal is to 
reveal the prior knowledge that 11" grade high 
school students have about equilibrium and 
torque using planned formative inquiry 
questions; the second goal is to increase the 
students' level of conceptual understanding of 
equilibrium and torque by implementing 
planned formative assessment practices. 
According to the Ministry of National 
Education, the Board of Education, High 
School 11 Grade Physics Program (2013), 
students should structure the concept of torque 
by analyzing the rotation effect of the force. 
By utilizing the concept of torque, students are 
expected to be able to explain the equilibrium 
conditions of objects encountered in daily life. 
The content standards related to this subject at 
the 11" grade "Force and Movement" Unit are 
as follows: 
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11.1.8. Torque 

11.1.8.1. Explains the torque (force 
momentum) from the effect of force and gives 
examples. 

11.1.8.2. Analyzes the variables on which the 
torque is dependent and determines the 
direction of the torque vector. 

a. The students are provided with opportunities 
to conduct experiments and use simulations to 
make conclusions about the variables on which 
the torque is dependent. 

11.1.8.3. Presents daily life problem situations 
related to torque concept and _ produces 
solutions. 

11.1.9. Equilibrium 

11.1.9.1. Analyzes the equilibrium state of 
objects. 

11.1.9.2. Presents daily life problem situations 
related to the equilibrium of forces and 
produces solutions. 

11.1.9.3. Compare the location of mass and 
weight centers of objects. 

a. Students are asked to make calculations to 
find the locations of mass and weight centers 
of everyday objects 

b. Situations where the center of mass and 
gravity cannot be used in place of each other 
are emphasized. 


The teaching of the concepts of force and 
motion in the 11" grade physics program is 
discussed in two dimensions. First, it is aimed 
for students to be able to demonstrate what 
variables torque and equilibrium depend on 
and secondly, students should be able to solve 
problems related to daily life applications. 


ACTIVITY IMPLEMENTATION 


In this study, case study method which is one 
of the qualitative research approaches is used. 
Case studies are the in-depth description and 
analysis of a situation or a limited system of 
real life, contemporary context or environment 
(Cresswell, 2013; Merriam, 2013; Stake, 
2003). The focus of this study was to reveal the 
high school 11 grade students’ knowledge 
about weight, center of gravity, and moment 
and to investigate the effect of teaching based 
on formative assessment method on_ their 
conceptual learning. 


The participants of the study consists of 52 
high school students who are studying in two 
different 11" grade classes during 2015-2016 
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academic year with 26 students in one class 
(17 girls, 9 boys) and 26 students in the other 
class (15 girls, 11 boys) at an Anatolian High 
School located in central Bursa, Turkey. 
Convenience sampling method was used in 
determining the participants of the study. The 
reason for selecting the convenient sample 
group is to prevent the loss of time and labor 
(Yildirrm & Simsek, 2011). Both quantitative 
and qualitative data collection techniques were 
used in the study. In this way, it has been 
aimed to increase the validity and reliability of 
assessments by partially providing data 
diversification (McMillan & Schumacher, 
2010). In the study, the quantitative data were 
students' scores that they received from their 
answers given in the two-step formative 
inquiry question and the qualitative data were 
the explanations that the students wrote in the 
open-ended part of the formative inquiry 
question. The formative inquiry question is 
adapted from the book "Uncovering student 
ideas in physical science" by Keeley and 
Harrington (2010). Below is a _ two-step 
formative inquiry question. The first step is 
aimed at revealing students’ existing 
knowledge and prior experience about the 
concepts of equilibrium and torque by asking 
them to make predictions. In the second step, 
students are asked to make scientific 
explanations about their predictions. In this 
way, the forms of reasoning used by the 
students about the situation given in the 
question are determined. The answers of the 
students were analyzed using the rubric 
developed by Karatas (2003). 


Let's Make Our Ideas Clear! 


Below is a formative inquiry question 
consisting of two steps. In the first step, you 
will make a prediction and in the second step, 
you will explain your thoughts about the 
prediction that you made in the first step. 


Log Cutting 


Three woodsmen went to the forest to make 
wood from dried up trees. They found a long 
timber in the forest. They wanted to divide the 
timber into two equal pieces to carry them on 
their backs to the truck on the road. To equal 
the weight of the two parts, Hasan said: "Let’s 
balance the log on a rock and cut it from the 
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balance point." There was a debate between 
them after balancing the log on a rock. 


Figure 1. The Log on a Rock 


Hasan: "The weight of both parts is equal.” 
Ahmet: "The part to the right of the 
equilibrium point weighs more.” 

Mustafa: "The part to the left of the 
equilibrium point weighs more.” 


Mark the right answer. Explain the rules or 
thoughts that you used to reach this judgment. 


Let’s Share Ideas! 


Share your predictions and explanations with 
your classmate sitting next to you and other 
classmates in the class. If they have different 
judgments from your judgment, try to 
understand the reasons. Then, share and 
discuss your thoughts briefly in whole class or 
small groups. This will help you and your 
classmates to understand different points of 
views. 


Exploration and Discovery Time 


1. Which One is Heavier 

As shown in the Figures 2 and 3 below, 
students could be engaged in an activity by 
bringing a branch and a scale into the 
classroom. This activity can be implemented in 
every socio-economic environment of the 
students since it contains simple and 
inexpensive materials that can be found almost 
everywhere. This ensures that the activity 
benefits students equally. 

Materials: branch, dynamometer/scale. 
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Implementation: After the piece of the branch 
is balanced on an object, as in the Figure 2 
below, the students are asked: "Which part of 
the branch intersected from the equilibrium 
point is heavier? Explain." Then the branch is 
cut from the equilibrium point and weighed on 
the scale. Students are asked to record their 
observations by writing and drawing. The 
same experiment can be done using a pencil 
with an eraser at one end, instead of a branch. 


Figure 3. Branches on the Scale 


Explanation: 

Question 1: What is the reason that the shorter 
branch piece is heavier than the longer branch 
piece? Please explain. 

Question 2: Instead of using a branch, if you 
divide a pencil that is not sharpened and does 
not have an eraser, into two pieces at its 
equilibrium point in the same way, what would 
be the weight of each piece? Discuss. 


2. Who is Heavier at the Seesaw? 

As presented in the animation below, two 
children, one of whom is slim and the other 
one is heavy, were playing on a seesaw in the 
park, but they did not seem to be balanced. 
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Figure 4. Children on Seesaw 


Prediction and Explanation: Can these two 
children be balanced on seesaw? What do they 
need to do to play together? Please explain. 


Observation: How did you get them to play 
together? Record your observations by typing 
and drawing. 


Figure 5. Balanced Seesaw 


Explanation: As shown in Figure 5, the 
seesaw can be balanced. What is the reason for 
the heavy and slim child to be balanced on the 
seesaw? 


Assessment: After these experiments and 
discoveries you have made, go back to the 
question of "Log Cutting" and look back at the 
answer you have given. Discuss with your 
classmates and make any necessary corrections 
to your predictions and explanations based on 
your discoveries and observations. 


APPLICATION GUIDE FOR 
TEACHERS 
Correct Answers and Scientific 
Explanations 


Log Cutting. In this question, it is revealed 
that when a log, which is not symmetric, is in 
equilibrium on a support, the weight of the two 
sides will not be equal to each other. The 
correct answer is Mustafa's answer: "Zhe part 
to the left of the equilibrium point weighs 
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more." Because more mass will be closer to the 
support point and the less mass should be away 
from the support point for equilibrium. 
Students may confuse the concepts of weight 
and equilibrium. Torque, force moment or 
rotation moment, is a tendency to turn around 
the support point under the influence of force. 
Whether the force is pushing or pulling, torque 
can be thought of as rotating an object around 
an axis. Mathematically, torque is equal to the 
cross product of the distance and the force 
vector. The weight of two parts can be equal 
when a symmetric ruler, an unsharpened 
pencil, a lath is cut from the equilibrium point. 
Since the amount of matter on both sides of the 
support point is the same, the weight of the two 
parts is equal. In the case of seesaw, the reason 
behind the balance of the fat and the weak 
child is not the equality of the masses. The 
equilibrium state is due to the fact that the 
products of the masses by the distances to the 
support point on both sides are equal to each 
other. 


Things to Consider When Using Formative 
Inquiry Questions 


The correct answer to the formative inquiry 
question “Log Cutting” should not be 
immediately provided to the students. The 
process of accessing knowledge is as crucial as 
the knowledge itself for conceptual learning 
and mental development. Students should 
create knowledge in their own minds by doing, 
experiencing, discussing, and thinking like a 
scientist. For this reason, they should be able to 
express their ideas freely, justify their 
hypothesis, and develop evidence in order to 
refute their classmates' claims. Therefore, 
express to the students that "Wrong" answers 
are important as well as "correct" answers in 
your lessons. 

In the question “Who is Heavier at the 
Seesaw,” students are expected to make 
predictions based on their experience at 
playgrounds, to share their thoughts with 
classmates after explaining the reasons for 
their predictions. An in-class discussion 
environment should be created between 
students with the same opinion and those who 
disagree, then the phase of exploration and 
discovery should be introduced. 
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Things to Consider in the Exploration and 
Discovery Phase 


Students use repetition and diversity in 
learning activities that attract them. Here, 
repetition is used to mean familiar, known, and 
similar; diversity is used to mean different and 
new. Repetition and diversity are indispensable 
for conceptual development, as they provide 
students with a constant connection between 
old and new, and known and unknown. It is 
very difficult for students to comprehend the 
concepts of weight, equilibrium, and torque, 
and the differences between these concepts 
without living various experiences about them. 
For this reason, the "Log Cutting" question has 
been prepared in the laboratory for students to 
learn through experimenting. In this activity, 
ask students to deduce and write about the 
masses of both parts when a branch and 
unsharpened pencil is cut through the center of 
gravity (see Figure 2). In addition, ask 
everyone to explain about the seesaw question 
in the park, which probably everyone 
experienced as a child (see Figure 4). 


The animations used in the exploration and 
discovery phase were designed according to 
the Predict-Explain-Observe-Explain teaching 
technique. For this reason, students should be 
asked for their predictions and explanations 
when experiments are being carried out. This 
helps the teacher to identify the knowledge that 
the learner possesses while increasing the 
cognitive participation of the learner. The 
exploration and discovery phase is based on 
repetition and diversity. Accordingly, the basic 
principle adopted was providing as many 
diverse experiences as possible to the students 
about the topic or concept. The explanation 
phase includes reaching various inferences or 
making conclusions based on the students' 
observations and analysis of the data obtained 
during the discovery and exploration phase. 
After completing this phase, the students 
should be guided again to the formative 
assessment question "Cutting Log." Students 
should review their previous answer in the 
light of the new experiences. Encourage your 
students to discuss by sharing their mutual 
claims and evidence. For more experience with 
the center of gravity and an experiment that 
can be done at home, you may watch the video 
linked below: 
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http://www.youtube.com/watch? v=GONNRho 
bOPA (Wayne, 2011). 


Did You Know These? 


Archimedes, considered the first and the 
greatest scientist of the ancient world, was a 
mathematician, physicist, astronomer, 
philosopher, and engineer. 

At the same time, Archimedes was the first 
scientist to demonstrate equilibrium principles. 
"Give me a firm spot on which to stand, and I 
shall move the earth.” Did you know that these 
words belong to Archimedes? 


CONCLUSIONS and SUGGESTIONS 


Students' answers to formative assessment 
probes on the concepts of equilibrium and 
torque were compared and scored. Pre- 
instructional and _ post-instructional scores 
obtained from students in the formative 
assessment probes were compared using the 
paired samples t-test. A significant difference 
was found between the mean of the pre- 
instructional scores (M = 1.69, SD = 0.97) and 
the post-instructional mean scores (M = 2.69, 
SD = 0.73) (t (25) = 5, p <0.05). This result 
suggests that formative assessment with 
experimentation influences conceptual 
understanding of students. 


The frequency analysis of the answers given 
by the students to the formative inquiry 
questions about equilibrium and torque was 
made. This analysis revealed that 70% of the 
students chose the "wrong" answer, Hasan: 
"The weight of both parts is equal." and 30% 
of the students chose the "right" answer, 
Mustafa: "The part to the left of the 
equilibrium point weighs more." Explanations 
that the students have made for this question 
can be grouped in three categories. 
Explanations of students who made incorrect 
choices and gave incorrect explanations can be 
grouped into two categories. Students who 
thought that the weight of both parts were 
equal, expressed that the weight was equal on 
both sides because the center of gravity of the 
log was at the equilibrium point. For example, 
a student named SB explained "J agree with 
Hasan because it is at the center of gravity. 
Therefore, the weight of two parts will be 
equal." Some of the students who responded 
incorrectly were trying to make an explanation 
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using whether the top of the supporting object 
(rock) was straight or not. For example, RE 
gave an explanation "Jf the surface of the rock 
is smooth, the weights are equal." (See 
Appendix | for the answer and explanation of 
this student). Similar results were found in a 
study aimed at introducing a formative 
assessment approach to prospective science 
teachers (Bulunuz & Bulunuz, 2013). 


(+) oF 
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Figure 6. Force Momentum 


In general, the torque or force momentum in 
physics textbooks is filled with problems based 
on the solution of an equation with one 
unknown (F\.d; = F).d)) as in Figure 6. 
Although the prospective teachers have solved 
such problems many times "correctly" in the 
physics courses they have taken in high school 
and college, they have difficulties in 
interpreting when they are asked about a 
problem chosen from real life (Bulunuz & 
Bulunuz, 2013). This indicates that they 
possibly memorized the rules. It shows they 
find the "right" results by sticking to formulas 
and this process indicates that they have ability 
in performing mathematical procedures but not 
a conceptual understanding of the concepts 
taught. Therefore, before solving problems 
involving mathematical manipulation skills 
and using algorithms, there should be more 
real life qualitative problems to improve 
students’ ability to inquire, predict, observe, 
claim, discuss, and reason. 


In order to evaluate the effects of teaching 
practices based on formative assessment, the 
same question was asked to the same group of 
students again after about six months, and their 
prediction and explanation performance were 
evaluated. According to the findings obtained 
from the second analysis, 81.5% of the 
students selected the "Mustafa" option which is 
the "right" answer. When the explanations of 
the students who answered correctly were 
examined, it was seen that they could reason 
about the problem in terms of both weight and 
length. For example, a student named BD 
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explained "Mustafa is right. Since the length of 
the part to the right of the equilibrium point is 
longer, its weight will therefore be less.” (See 
Appendix 2 for a section from the answer of 
this learner). Some of the students explained 
their ideas by drawing and using the formula 
that multiplies weight by length. Some of the 
students answered correctly by directly 
explaining the meaning of torque. For 
example, another student named MY explained 
"I think that Mustafa is right. Because when we 
get torque according to that point, it's got to be 
in equilibrium. According to the formula force 
x length = load x length, left side is heavier.” 
Another group of students did not write any 
verbal explanations for the open-ended part of 
the question, although they selected the 
"Mustafa" option and wrote the formula 
alongside (See Appendix 3 for a section from 
the answer of a learner responded this way). 


The proportion of students who marked the 
Hasan option, which is the common 
misconception of the first assessment, dropped 
to 18.5% in the second assessment. The reason 
for the increase in the success rate may be the 
fact that the students made a miniature 
example of the formative assessment question 
in the classroom. However, even six months 
after the implementation the students could 
still remember the correct answer can be 
regarded as a demonstration that the practice 
done in the classroom was effective. In 
addition, the activity related to the balanced 
children on the seesaw and the related videos 
about this topic probably contributed to the 
students’ understanding. From these results, 
there is a need to work towards spreading the 
approach of teaching based on formative 
assessment to the whole science program. In 
this research, there is no way to separate what 
students learned through the probe and what 
they learned from the experimentation 
following the probe. Additional research using 
a control group to compare experimentation 
with and without the probe would help clarify 
the value of using probes. 


REFERENCES 


Akkaya, M.M. (2006). Ortadgretim 10. sinif 
ogrencilerinin moment konusundaki 
kavramsal anlama diizeylerinin 
belirlenmesi [Determination of grade 10 
students' conceptual understanding 


28 


levels on the topic of moments] 
(Unpublished master’s thesis). Balikesir 
Universitesi, Fen Bilimleri Enstitiisii, 
Ortadgretim Fen ve Matematik Alanlan 
Fizik Egitimi Ana Bilim Dali, Balikesir. 

Anderson, L. W., Krathwohl, D. R., Airiasian, 
W., Cruikshank, K. A., Mayer, R. E., & 
Pintrich, P. R. (2001). A taxonomy for 
learning, teaching and assessing: A 
revision of Bloom's Taxonomy of 
educational outcomes: Complete 
edition. NY: Longman. 

Aydeniz, M., & Pabuccu, A. (2011). 
Understanding the impact of formative 
assessment strategies on first year 
university students’ conceptual 
understanding of chemical concepts. 
Necatibey Faculty of Education 
Electronic Journal of Science and 
Mathematics Education, 5(2), 18-41. 

Bransford, J. D., Brown, A., & Cocking, R. 
(1999). How people learn: Mind, brain, 
experience, and school. Washington, 
DC: National Research Council. 

Bulunuz, M., & Bulunuz, N. (2013). Fen 


6sretiminde bigimlendirici 
degerlendirme ve etkili | uygulama 
Orneklerinin tanitilmas1 [Formative 


assessment in science teaching and 
demonstration of its effective 
implementation]. Turk Fen Egitimi 
Dergisi, 10(4), 119-135. 

Bulunuz, M., & Bulunuz, N. (2014). Fen 
dsretiminde bicimlendirici 
degerlendirme ve etkili | uygulama 
Orneklerinin tanitilmas: II [Formative 
assessment in science teaching and 
demonstration of its effective 
implementation II]. Yeni  Tiirkiye 
Dergisi, 59, 1278-1283. 

Bulunuz, M & Bulunuz, N. (2016). Using 
formative assessment probes to evaluate 
the teaching of inertia in a_ high school 
physics classroom. Journal of Inquiry 
Based Activities, 6(2), 50-62. 

Bulunuz, N., Bulunuz, M., Karagéz, F., & 
Tavsanh, O. F. (2016). Achievement 
levels of middle school students in the 
standardized science and _ technology 
exam and formative assessment probes: 
A comparative study. Journal of 
Education in Science, Environment and 
Health, 2(1), 33-50. 

Bulunuz, N., Bulunuz, M., & Peker, H. (2014). 
Effects of formative assessment probes 


JIBA/ATED 


JIBA/ATED 2017; 7(1): 21-33 


integrated in extra-curricular hands-on 
science: Middle school _ students' 
understanding. Journal of Baltic Science 
Education, 13(2), 243-258. 

Buyitikkarei, K. (2010). The effect of formative 
assessment on learners’ test anxiety and 
assessment preferences in efl context 
(Unpublished dissertation). Cukurova 
Universitesi, Sosyal Bilimler Enstitiisii, 
Adana. 

Carlson, M. O. B., Humphrey, G. E., & 
Reinhardt, K. S. (2003). Weaving 
science inquiry and __ continuous 
assessment: using formative assessment 
to improve learning. Thousand Oaks, 
CA: Corwin Press. 

Creswell, J. W. (2013). Research design: 
Qualitative, quantitative, and mixed 
methods approaches. Thousand Oaks, 
CA: Sage publications. 

Clark, I. (2012). Formative assessment: 
Assessment is for _ self-regulated 
learning. Educational Psychology 
Review, 24, 205-249. Retrieved from 
http://dx.doi.org/10.1007/s10648-01 1- 


9191-6 
Clark, I. (2015). Formative assessment: 
Translating high-level curriculum 


principles into classroom practice. 
Curriculum Journal, 26(1), 91-114. 
Retrieved from 
http://dx.doi.org/10.1080/09585176 
.2014.990911 

McMillan, J.H., & Schumacher, S. (2010). 
Research in education: Evidence-based 
inquiry (7th Edition). New York: 
Pearson Publishing. 

Merriam, S. B. (2013). Nitel arastirma: Desen 
ve uygulama igin bir rehber [Qualitative 
research: A guide to design and 
implementation] (3. Baski). (S. Turan, 
Cev. [Trans.]). Ankara: Nobel Yayinevi. 

Metin, M., & Birisci, S. (2009). Bicgimlendirici 
degerlendirmenin 6gretmen adaylarinin 
bilimsel stireg becerilerini gelistirmeye 
etkisi ve adaylarin degerlendirme 
hakkindaki diistinceleri [The effects of 
formative assessment on pre-service 
teachers' developing science process 
skills and their views on assessment]. 
Cagdas Egitim Dergisi, 34(370), 31-39. 

Meusen-Beekman, K. D., Brinke, J., & 
Boshuizen, H. P. A. (2015). Developing 
young adolescents’ self-regulation by 
means of formative assessment: A 


29 


theoretical perspective. Cogent 
Education, 2(1), 1071233. 

Milli Egitim Bakanligi. (2013). Fizik ogretim 
program [Physics curriculum]. Ankara: 
Talim ve Terbiye Kurulu Baskanhgi. 


Retrieved from 
http://ttkb.meb. gov.tr/program2.aspx?isl 
em=1 &kno=217 


Milli Egitim Bakanhg. (2013). Ikégretim 
kurumlari (ilkokullar ve ortaokullar) 
Fen Bilimleri dersi (3, 4, 5, 6, 7 ve 8. 
siniflar) ogretim program 
[Foundational education _ institutions 
(primary schools and middle schools) 
science (3, 4, 5, 6, 7, and 8. grades) 
curriculum]. Ankara: Talim ve Terbiye 
Kurulu Baskanhgi. Retrieved from 
http://ttkb.meb. gov.tr/www/ogretim- 
programlari/icerik/72 

Karatas, F. O. (2003). Lise 2 kimyasal denge 
konusunun Ogretiminde bilgisayar paket 
programlart ile klasik yd6ntemlerin 
etkililiginin karsilastirilmasi [A 
comparison of effectiveness of computer 
programs with classical methods in 
teaching of high school 2 chemical 
equilibrium topic] (Unpublished 
master’s thesis). Karadeniz Teknik 
Universitesi Fen Bilimleri Enstitiisii, 
Trabzon. 

Keeley, P. (2008). Science formative 
assessment: 75 practical strategies for 
linking assessment, instruction, and 
learning. California: Corwin & NSTA 
Press. 

Keeley, P., & Harrington, R. (2010). 
Uncovering student ideas in physical 
science: 45 new force and motion 
assessment probes, Vol.1. California: 
Corwin & NSTA Press. 

Love, N. (2002). Using data/getting results: A 
practical guide for school improvement 
in mathematics and science. Norwood, 
MA: Christopher-Gordon Publishers. 

Okten, A. (2009). Effects of formative 
assessment application on students’ 
language proficiency and beliefs in 
language learning in el context: A 
case study (Unpublished master’s 


JIBA/ATED 


JIBA/ATED 2017; 7(1): 21-33 


thesis). Cukurova Universitesi, Sosyal 
Bilimler Enstitiisti, Adana. 

Rowlands, S., Graham, T., & Berry, J. (1998). 
Indentifiying stumbling blocks in the 
development of student understanding of 
moments of forces. International 
Journal of Mathematics Education in 
Science and Technology, 29(4), 511- 
531. 

Sato, M. (2003). Working with teachers in 
assessment-related professional 
development. In J. M. Atkin & J. E. 
Coffey (Eds.), Everyday assessment in 
the science classroom (pp. 109-120). 
Arlington, VA: National Science 
Teachers’ Association Press. 

Solgun, A. (2014). The effects of formative 
assessment on students’ participation in 
an English language program 
(Unpublished master’s thesis). Cag 
Universitesi, Sosyal Bilimler Enstitiisii, 
Mersin. 

Stake, R. (2003). Case studies. In N. Denzin & 
Y. S. Lincoln (Eds.), Strategies of 
qualitative inguiry (pp. 134-164). 
Thousand Oaks, CA: Sage. 

Tan, S$. (2010). Ogretimde 6leme ve 
degerlendirme [Measurement and 
evaluation in teaching]. Ankara: Pegem 
Akademi. 

Trauth-Nare, A., & Buck, G. (2011). Using 
reflective practice to incorporate 
formative assessment in a middle school 
science classroom: A _ participatory 
action research study. Educational 
Action Research, 19(3), 379-398. 

Trumper, R., & Gorsky, P. (1996). A cross- 
college age study about physics students' 
conceptions of force in pre-service 
training for high school teachers. 
Physics Education, 31(4), 227-236. 

Wayne, D. (2011, August 26). Balancing forks 
on the tip of a toothpick trick [Video 


file]. Retrieved from 
https://www.youtube.com/watch?v=G0 
NNRhob0OPA 


Yildinm, A., & Simsek, H. (2008). Sosyal 
bilimlerde nitel arastirma yontemleri 
(5.bask1). Ankara: Seckin Yayincilik. 


30 


JIBA/ATED 2017; 7(1): 21-33 


Citation Information 


Bulunuz, N., & Bulunuz, M. (2017). The effect of formative assessment-based instruction on high 
school students’ conceptual understanding of balance and torque. Journal of Inquiry Based Activities, 
7(1), 21-33. Retrieved from http://www.ated.info.tr/index.php/ated/issue/view/13 


Appendix 1 


Incorrect Answer Sample of the "Hasan" Option from the Answer Sheet of a Student (RE) 


TOMRUK KESME 


ie em kurumus aga¢lardan odun yapmak igin ormana gitmisler. Ormanda uzun bir 
ceo Du muslar. Yoldaki kamyona kadar tomrugu sirtlarinda tasimak i¢in iki esit pargaya 
bélme istemisler. Iki parganin agirligimin esit olmasi igin Hasan: “Tomrugu bir kaya 
uzerinde dengeleyip, denge noktasindan keselim” demis. Tomrugu bir kaya iizerinde 
dengeledikten sonra aralarinda bir tartisma cikmis. 


1 CON RR ITI BOURNE 


C Hasan; Her iki parganin agirligi esit olur. x 
Ahmet: Denge noktasinin sagindaki parcanin agirligi daha fazladir. 
Mustafa: Denge noktasinin solundaki parganin agirligi daha fazladir. 


En dogru cevab isaretleyiniz. Bu yargrya ulagmada kullandiginiz kural ya da disiinceleri 
aciklayiniz. reer - |e 
= 2 , uN, ise our! ' 
Eee iy us¥___yore ,__ gn ise an 


Translation of the student’s handwriting: If the surface of the rock is smooth, the weights are equal. 
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Appendix 2 


Correct Answer Sample of the "Mustafa" Option from the Answer Sheet of a Student (BD) 


TOMRUK KESME 


Ug oduncu kurumus agaclardan odun yapmak icin ormana gitmisler. Ormanda uzun bir 
tomruk bulmuslar. Yoldaki kamyona kadar tomrugu sirtlarinda tasimak igin iki esit pargaya 
bolmek istemisler. Iki parcanin agirliginin esit olmasi igin Hasan: “Tomrugu bir kaya 
uzerinde dengeleyip, denge noktasindan keselim” demis. Tomrugu bir kaya iizerinde 
dengeledikten sonra aralarinda bir tartisma gikmis. 


Hasan: Her iki parganin agirligi esit olur. G 

we 
Ahmet: Denge noktasinin sagindaki parganin agirligi daha fazladir. “\ — 
Mustafa: Denge noktasinin solundaki parganin agirligi daha fazladir. 


En dogru cevabr isaretleyiniz. Bu yargrya ulasmada kullandiginiz kural ya da diisiinceleri y par’ 
agiklayiniz. (1° 


LAs of! a halide. _.Denye_-nabdasia.n....Syade 


77 


Translation of the student’s handwriting: Mustafa is right. Since the length of the part to the right of 
the equilibrium point is longer, its weight will therefore be less. 
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Appendix 3 


Correct Answer Sample of the "Mustafa" Option from the Answer Sheet of a Student Who Wrote the 
Formula but did not Make an Explanation 


TOMRUK KESME 


Ug oduncu kurumus aga¢lardan odun yapmak igin ormana gitmisler. Ormanda uzun bir 
tomruk bulmuslar. Yoldaki kamyona kadar tomrugu sirtlarinda tasimak igin iki esit pargaya 
bélmek istemisler. Iki parganin agsrliginin esit olmasi icin Hasan: “Tomrugu bir kaya 
iizerinde dengeleyip, denge noktasindan keselim” demis. Tomrugu bir kaya iizerinde 


G6 4! re) | = fr. 2. 3 1 
yds > & 
= ©C14.03 & : 
Mustafa: \Denge noktasinin solundaki parganin aarligi daha fazladir. 2. GC, 


En d Opru cevab1 isaretleyiniz. Bu yargiya ulasmada kullandiginiz kural ya da diisiinceleri x 
agiklayiniz. p 
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